The annual dynamic energy consumption of addition solar house and the annual solar energy of exterior-protected construction of passive solar house with additional sunshine room in Tianjin rural areas were calculated by the numerical simulation. The annual exterior-protected construction of that residence has been analyzed also which include the number of before used additional sunshine room and after used it. Meanwhile the annual dynamic energy consumption of the wall with thermal materials and the sunshine room with LOW-E glass are imitated by numerical simulation. The numerical values are compared and analyzed with those of the walls without using thermal materials and LOW-E glasses. Analysis results show that the energy consumption of additional sunshine room with LOW-E glass reduces by 80%, and that of the exterior-protected construction with thermal material reduces by 43.5%. Through the comparison analysis of economic benefit, the investment of thermal materials and LOW-E glass is about 97396 Yuan, the cost of which can be recovered within 5 years. 
INTRODUCTION
With the acceleration of urbanization in Chinese rural areas, more and more rural houses in China are built with attractive appearance, reasonable layout, perfect facilities, comfortable and healthy environment, and energy conservation function. Especially, the problem of energy saving in rural houses has been paid more and more attention to.
As a form of rural energy-saving residence, the passive solar house, with the characteristics of low cost, simple construction process and relatively good energysaving effect, is one of the main forms of solar energy utilization in most rural areas of China. In this paper, the dynamic energy consumption and exterior-protected construction of a passive solar house in Ji County, Tianjin, are analyzed by numerical simulation. Based on analysis results, an energy-saving optimization scheme, with exterior-protected construction and the additional sunshine room, is proposed. Through numerical simulation analysis, comparison with the present situation and economic benefit analysis, this study provides numerical quantificational reference for the design of passive solar houses in rural areas.
According to the long-term data collected by the National Meteorological Observatory, Tianjin is the third type of areas rich in solar energy. The annual solar radiation is 522.9 KJ/㎡, which is equivalent to the thermal value of 179 kilograms of standard coal per square meter per year. The annual average sunshine hours are 2600~3000 hours, and the daily average sunshine hours are more than 6 hours. Therefore, Tianjin area has sufficient conditions for the utilization of solar energy. 
CASE OVERVIEW Present Situation of The Case
The passive solar residence is located in Chedaoyu Village, Xiaying Town, Ji Country, Tianjin. Xiaying Town is located in the northernmost of Tianjin City, and the average altitude of it is about 280 meters. It has a typical semi-humid continental warm temperate zone monsoon climate. The sunshine conditions are good with about 2754 annual sunshine hours and the total heat of solar radiation of 5237 KJ/㎡ , which offers good conditions for solar energy utilization. The solar house is a combination of a two-story building and a farmhouse courtyard (as shown in Figure  1 and Figure 2 ). Construction area is 380 square meters, and yard area is 87 square meters. It is good for a household of five, and a small number of tourists during the holiday. The plan of the house, as shown in figure 3 and Figure 4 , is a rectangle plane with long north-south axis and short east-west axis. The main rooms are living room and bedroom and the auxiliary rooms are kitchen and dining room. The orientation of the house is well designed, and the master bedrooms are laid out in the south of the building, while guest rooms are in either north or south of the building. Each bedroom has an independent bathroom, and the auxiliary rooms (kitchen and restaurant) are laid out separately from the main rooms. The staircase is arranged on the east side of the small courtyard to connect the main rooms and the auxiliary rooms.
Plane Layout

Vertical Modelling
The auxiliary rooms of the passive solar house are on the first floor with an accessible flat roof. The main rooms are on both of the two floors and the roof is sloped. A glass top, covering auxiliary rooms and staircases and connecting the main rooms, formed an additional sunlight room. During the winter heating season, the solar heat gain can be greatly increased and energy consumption can be reduced so that the cost of living can be lowered by cutting electricity bills. Numerical simulation software IES<VE> used in this paper is a simulation software about integration of architectural performance developed by the British IES company. The core idea is to analyze the various architectural features through the establishment of a three-dimensional model, to reduce repetition of modeling and to reduce experimental costs, so that the accuracy of data and working efficiency can be ensured. In this paper, the typical sunshine house and ordinary house are taken as an example, and the following two thermal analysis modules in IES software are combined. The first one is ApacheLoad. It'sa calculation of cold and heat load according to ASHRAE standard. The other one is ApacheSim. It's an advanced dynamic load simulation software, which can calculate the dynamic load at any time within the year, and calculate the indoor comfort and carbon dioxide emissions of the whole year.
NUMERICAL SIMULATION AND OPTIMIZATION ANALYSIS OF ENERGY CONSUMPTION
IES<VE> Numerical Simulation Software
Numerical Simulation Analysis on Dynamic Energy Consumption of ExteriorProtected Construction
In order to compare the influence of the additional sunshine room on the energy consumption of the whole residential exterior-protected construction, we use the different settings in the model to simulate the energy consumption of the enclosure structure with or without sunshine house.
Without Additional Sunshine Room
From the analysis of the simulation results of the annual dynamic energy consumption of the exterior-protected construction, it can be seen that during the heating period in winter (the period of Tianjin heating season starting from November 15th to March 15th), when there is no additional sunshine room and no thermal materials used in the wall, the energy consumption of the enclosure wall is 61.59 Mwh. From the analysis of the simulation results of the annual dynamic energy consumption of the exterior-protected construction, it can be seen that during the heating period in winter (the period of Tianjin heating season starting from November 15th to March 15th), when there is an additional sunshine room and no thermal materials used in the wall, the heat gain is15.078Mwh more than that without an additional sunshine room.
From the above comparative analysis of the simulation results of the annual dynamic energy consumption of the exterior-protected construction, it can be seen that the added sunshine room has a significant effect on increasing the heat gain of the residential building during the heating season.
Optimization And Simulation Analysis of Exterior-protected Construction
For the residence as the case in this study, the common shale bricks are used to build the wall and there is no thermal structure. Besides, the ordinary flat glass is used in the additional sunshine room, which is unfavorable to heat preservation and energy saving in winter In view of this situation, the method of numerical simulation is used to optimize the design of the exterior-protected construction of this residence in the simulation model. That is to say, to add a 100mm-thick polystyrene board thermal layer to the wall and to replace the glass of the additional sunshine room with LOW-E glass. The annual dynamic energy consumption is simulated so that the economic benefits can be compared and analyzed. From the data of Table 4 , it is known that the energy consumption of the wall using thermal material is 36.2 Mwh less than that of the wall without thermal material, and the total electricity is 36,200 degrees. In the case of 0.5 yuan per kilowatt, the wall with the thermal material will save18, 100 yuan per year compared with the wall without thermal material. The cost of polystyrene board thermal structure is about 100 yuan per square meter, and the area of the outer wall and the roof is 510.56 square meters. Therefore, the cost increased by using polystyrene board is about 51,056 yuan, and the investment increment can be recovered in about 2.8 years. LOW-E glass has the characteristics of low radiation and good insulation effect. It has high transmittance on the visible light in the sunlight, which can reach over 80%, while the reflection ratio is very low, which greatly improves the optical properties when it is compared with the traditional coated glass. When it is viewed outdoors, It appears to be more transparent and clearer. That not only ensures good lighting of buildings, but also avoids light pollution caused by light reflection of large area glass curtain wall and hollow glass doors and windows, and creates a more gentle and comfortable light environment. According to the data of table 5, the energy consumption of the additional sunshine room with LOW-E glass has reduced by 11.91Mwh than that with ordinary flat glass. If the price of electricity is 0.5 yuan per kilowatt, the electricity fee can be saved by 5955 yuan per year. The domestic window price of ordinary LOW-E glass is about 400 yuan per square meter, while that of the flat glass is about 150 yuan per square meter. The additional sunshine room in the residence in this paper can be replaced by LOW-E glass windows, the total area of which is 185.36 square meters. The cost increased by using LOW-E glass window is 46,340 yuan, If both LOW-E glass window and polystyrene board thermal structure are used at the same time, the total cost of the passive solar house in this study will increase by 97,396 yuan, the total cost of the passive solar house in this study will increase by 97,396 yuan, saving electricity fee of 18,365 yuan per year, and the investment increment can be recovered in about 5 years.
CONCLUSIONS
Through the analysis of the dynamic energy consumption simulation data of the passive solar house exterior-protected construction quantification, The following conclusions are reached:
Firstly, the energy-saving effect of the additional sunshine room of the passive solar house is significant, and solar heat gain of the house can be greatly increased during the heating period.
Secondly, it can greatly reduce energy consumption of the passive solar house by using thermal material in exterior-protected construction and using Low-E glass which has good insulation property as a transparent material for the solar room. It's energy saving rate can reach more than 40%.
Thirdly, the numerical simulation method, used in the research of passive solar house dynamic energy consumption, has advantages of good flexibility, high reliability and simplicity, and it has positive reference value for the development and innovation of design and building research on passive solar houses in rural areas. Thirdly, the numerical simulation method, used in the research of passive solar house dynamic energy consumption, has advantages of good flexibility, high reliability and simplicity, and it has positive reference value for the development and innovation of design and building research on passive solar houses in rural areas.
